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EXECUTIVE SUMMARY 

 

Clayton Group Services, Inc. (Clayton) has completed the installation of new detonation 

flame arrestor elements on the vapor control system (VCS) and has also conducted a soil 

vapor extraction (SVE) pilot test on a vapor recovery well (HSVE-1) recently installed 

adjacent to existing vapor control boring VCB-1.  The pilot test evaluated the use of SVE 

as a remediation approach.  Historical data has shown that the system effectiveness may 

decrease by an order of magnitude during times of high water table conditions. 

 

Previous visual inspections of several vapor control borings (VCB) identified 

accumulations of a “hydrocarbon paste” throughout the interior (piping, filters) of the 

VCS.  The same hydrocarbon paste material was discovered to have accumulated within 

the baffles of the detonation flame arrestor elements, greatly reducing airflow from the 

VCBs.  For this reason, the detonation flame arrestor elements required replacement. 

  

The primary objectives of these activities were to first determine the effect of replacing 

the detonation flame arrestor elements on the VCS system airflow and vacuum and, 

secondly, to evaluate the effective ROI from a new vapor extraction well. 

 

After installing the new arrestors, it became evident the hydrocarbon paste within the 

VCBs was resulting in excessive pressures and loads on the VCS.  As a result, a SVE 

pilot test was conducted on a single new extraction well to determine the maximum 

potential effective ROI from a new well.  By comparing these data with that of the 

existing VCBs, it would be possible to determine if the VCBs are impaired. 

 

The detonation arrestor replacement activities were conducted from December 15-18, 

2003.  Pertinent findings of these activities are summarized below: 
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• The baffles of the detonation arrestors were impaired, resulting in a pressure drop at 
the blower and a reduced vacuum/flow at the VCBs.  The new arrestors have 
eliminated the pressure drop, and now allow for greater vacuum and flow from the 
VCBs. 

 
• Even with clean detonation arrestors with no pressure drop, the radius of influence 

from the VCBs is low.  The extent to which the ROI may be reduced would be 
determined by a comparison SVE test (conducted on a newly installed vapor 
extraction well). 

 
• The high vacuums at the existing VCBs that are set into the water table will 

theoretically result in a lifting of the water/hydrocarbon level (~12 feet) within the 
VCBs.  Depending on seasonal water levels, this heightened liquid level will 
essentially block the extraction screen and/or the native sand unit, or reduce the 
allowable extraction screen to less than approximately 8 feet, thus reducing the ROI 
of the VCBs. 

 

The SVE test was conducted on January 14, 2004 for a period of 14 continuous hours.  

The pertinent findings of the pilot test are summarized below:   

 

• The well screens of the existing VCBs limit the effective ROI within the subsurface.  
The existing VCB-1 has an effective ROI of approximately 20 feet.  The new 
extraction well (HSVE-1) has an effective ROI beyond the furthest vacuum 
monitoring point of 100 feet.  Extrapolation of the ROI data beyond this point shows 
an estimated effective ROI between 150 to 200 feet for the new extraction well. 

 
• Groundwater or free product was not detected in the new extraction well after testing, 

and neither groundwater nor water vapors were entrained by the SVE system during 
the test.  New SVE wells set above the water table are not expected to experience 
reduced effectiveness due to lifting of the water/hydrocarbon level above the well 
screen or native sand units. 

 
• The new extraction well exhibited lower vacuums than the existing VCBs with 

similar flows.  The elevated vacuums at the VCBs require ambient air dilution to 
prevent VCS shutdown. The addition of ambient air further reduces the effective ROI 
of the VCBs.  

 
• The shallow (0 to 20 feet below surface grade [bsg]) fine-grained alluvial materials 

do not appear conducive to SVE technology.  The cohesive nature of these materials 
limits airflow above 20 feet bsg and does not produce a measurable ROI within these 



 
 
 

SVE Pilot Test Report 
The Hartford Working Group 
15-03095.13rb002 / 3/4/2004 /MMN/JMF 

 
vi 

 

 

materials beyond 18 feet.  The preferred pathway for airflow within the subsurface 
appears to be within the dry sandy materials that exist above the water table.  These 
sandy materials yielded effective extrapolated ROIs of approximately 150 to 200 feet. 

 
• Historical data from an air sample collected from the Thermal Treatment Unit (TTU) 

in July 2003 identifies that the removal rate for the entire TTU (all 12 VCBs) was 
approximately 60 lbs/day or 2.5 lbs/hr.  Extrapolating the pilot test results from one 
well to 12 new wells results in a potential hydrocarbon extraction rate of 6,312 
lbs/day or 263 lbs/hr.  
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1.0 INTRODUCTION/OBJECTIVE 

 

1.1 INTRODUCTION 

 

This document details the Vapor Control System (VCS) detonation flame arrestor 

element replacement activities conducted between December 15 and 18, 2003, as well as 

the findings of the Soil Vapor Extraction (SVE) pilot test conducted within the Village of 

Hartford, Illinois on January 14, 2004.  The pilot test evaluated the use of SVE as a 

remediation approach.  Historical data has shown that the system effectiveness may 

decrease by an order of magnitude during times of high water table conditions. 

 

Previous evaluations of the VCS have identified that the system requires ambient air 

dilution to keep operating parameters (vacuum, hydrocarbon concentration, and motor 

load levels) within appropriate specifications of the system.  Previous visual inspections 

of the interior of several vapor control borings (VCBs) identified accumulations of 

“hydrocarbon paste” within the well screen.  The same hydrocarbon paste material was 

discovered to have accumulated within the baffles of the detonation flame arrestor 

elements, greatly reducing airflow from the VCBs.  For this reason, the detonation flame 

arrestor elements required replacement.  

 

1.2  OBJECTIVES 

 

The primary objectives of these activities were to first determine the effect of replacing 

the detonation flame arrestor elements on the VCS system airflow and vacuum and, 

secondly, to evaluate the effective ROI from a new vapor extraction well. 

 

Following installation of the new detonation flame arrestor elements, the operating 

parameters of the VCS would be measured and compared with the baseline readings 

obtained during previous evaluation phases.  In the event the detonation flame arrestor 
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element replacement did not increase the ROI of the VCBs, a SVE pilot test would be 

conducted in a new extraction well.  By comparing the effective ROI results of the 

existing VCBs with that of the newly installed vapor recovery well, it would be possible 

to determine the extent, if any, to which the effective ROI of the VCBs is reduced. 

 

Specific details regarding the above-referenced activities are detailed in the sections 

below.  
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2.0 DETONATION FLAME ARRESTOR ELEMENT REPLACEMENT 
ACTIVITIES 

 

Results from previous evaluations of the VCS performance (conducted in July and 

October 2003) identified little airflow and vacuum influence within the subsurface at the 

existing VCBs.  During the October evaluation, it was determined that the detonation 

flame arrestors were coated with an orange-to-brown pasty material having a consistency 

similar to dry peanut butter (“hydrocarbon paste”).  This foreign material filled the 

baffles of the detonation arrestors to a point where the arrestors were creating a pressure 

drop on the vacuum side of the blowers.  The pressure drop required the ambient air 

dilution valve (ADV) to be opened to limit loads and pressures on the VCS and prevent 

system shutdown.   

 

The objective of these field activities was to install new detonation arrestors, thereby 

potentially increasing both vacuum and flow at the VCBs.  Resulting ROI and system 

performance data (overall vacuum) were to provide a clear picture on the condition of the 

existing VCBs. 

 

2.1 FIELD ACTIVITIES 

 

Clayton conducted the onsite field activities from December 15, 2003 to December 18, 

2003.  The old arrestor elements were removed on December 15, 2003.  On this same 

day, both pre-filter elements (“witch’s hats”) were cleaned to remove any accumulated 

materials.  The witch’s hats were last cleaned in October 2003 during the initial 

inspection of the detonation arrestors.  Since October, the witch’s hat had accumulated 

hydrocarbon residue. 

 

The new detonation flame arrestor elements were installed on December 16-17, 2003.  

New gaskets were used to ensure an airtight seal between the new arrestor elements and 
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the process piping.  On December 17, 2003, the VCS was re-started and evaluated for 

performance. 

 

2.2 PERFORMANCE EVALUATION 

 

The VCS was restarted with all valves in the same position as they were prior to the new 

arrestor element installation (the ADV halfway open and the well inlet valve fully open). 

 Upon restarting the VCS, it was evident the pressure drop that existed across the arrestor 

elements had been eliminated.  The new arrestors were performing within the 

specifications of the manufacturer, and the ADV was slowly closed to allow for an 

incremental increase in vacuum and flow at the VCBs. 

 

With the ADV fully closed, the system was monitored for performance.  The vacuum at 

the VCBs was equal to the vacuum at the blowers, suggesting little-to-no pressure drop 

through the process piping.  The system was performing within the allowable 

specifications, although the vacuum throughout the system was near the system design 

limit of 15 inches of Hg.  This high vacuum was now being generated at the VCBs.  This 

information supports the original conclusion drawn from the visual inspection of the 

interior of the VCBs, where the well screens were discovered to be covered with the 

hydrocarbon residue.  The degree to which the VCBs were impaired could not be 

determined until an SVE pilot test was conducted to compare flow, vacuum, and ROI 

data from a new extraction well. 

 

It should also be noted the increased vacuums at the VCBs would have theoretically 

resulted in a lifting of the water/hydrocarbon level (~12 feet) within the VCBs. 

Depending on seasonal water levels, this heightened liquid level would have essentially 

blocked the extraction screen and/or the native sand unit, or reduced the allowable 

extraction screen to less than 8 feet, subsequently reducing the ROI of the VCBs.  
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After approximately one hour of operating with the ADV closed, the system 

automatically shut down.  This shutdown could have resulted from a surge condition on 

the blower (increased blower load), a high temperature exhaust condition, or a high water 

level in the subsurface process piping.  Following several additional tests after restarting 

the VCS, it was concluded the high temperature exhaust condition was not likely the 

cause of the shutdown, and that a blower surge condition was the most probable reason 

for the shutdown (due to the relative quickness the blower shut down on subsequent 

starts).  It is likely the blower surge condition is occurring due to the high vacuums 

produced by the existing VCBs.  Because the system does not have a complete telemetry 

system, the exact cause of the shutdown could not be determined.   

 

For this reason, the ADV was opened approximately 25% to reduce vacuum loads and 

avoid blower surge conditions.  Once the ADV was opened, the VCS operated for 

extended periods.  During this time, ROI readings and individual vacuum/flow readings 

were collected from the VCBs.  These data identified an increased flow and vacuum from 

each VCB, as expected.  The increased flows/vacuums produced greater ROI readings in 

one of the three VCBs tested (VCB-12).  The other two VCBs tested for ROI (VCB-1 

and VCB-6) had approximately the same low ROI as before removal of the detonation 

arrestor.  The likely explanation for this is the high vacuum and subsequent heightened 

liquid level that would have essentially blocked the native sand unit in VCB-1 and VCB-

6, but not in VCB-12, due to a thicker sand unit.  Table 1 provides the vacuum measured 

at the monitoring probes associated with VCB-1, VCB-6 and VCB-12 before and after 

the flame arrestor was replaced. 

  

Several days after installation of the new flame arrestors, the increased flows from the 

VCBs (and correspondingly the increased recovery of hydrocarbons) resulted in a VCS 

shutdown due to high exhaust temperatures within the Thermal Treatment Unit (TTU).  

In order to manage the operation of the TTU, the inlet valve to the VCBs was closed 25% 

to allow less air from the VCBs and more ambient air into the system. 
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2.3 CONCLUSIONS 

 

The detonation arrestor replacement and subsequent evaluation activities completed 

between December 15 and December 18, 2003 have provided sufficient information 

regarding the potential for optimization of the VCS.   

 

The following conclusions were made based on the above-referenced testing: 

 

• There was a pressure drop across the baffles of the detonation flame arrestor elements 
resulting in a reduced vacuum/flow at the VCBs. The new arrestor elements eliminate 
the pressure drop and allow for greater vacuum and flow from the VCBs. 

 
• Even with clean detonation arrestors with no pressure drop, the ROI from the VCBs 

is low.  The extent to which the ROI may be reduced would be determined by a 
comparison SVE test (conducted on a newly installed vapor extraction well). 

 
• The high vacuums at the existing VCBs that are set into the water table will 

theoretically result in a lifting of the water/hydrocarbon level (~12 feet) within the 
VCBs.  Depending on seasonal water levels, this heightened liquid level will 
essentially block the extraction screen and/or the native sand unit, or reduce the 
allowable extraction screen to less than approximately 8 feet, thus reducing the ROI 
of the VCBs. 
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3.0 SOIL VAPOR EXTRACTION PILOT TEST 

 

A 14-hour SVE pilot test was performed on a new extraction well (HSVE-1) recently 

installed adjacent to existing vapor extraction well VCB-1.  The SVE pilot test was 

conducted to provide the necessary data required to determine the expected ROI from a 

single extraction well.  In addition, by comparing the effective ROI results of the existing 

VCBs with that of the newly installed vapor recovery well, it would be possible to 

determine if the exiting VCBs are impaired. 

 

The SVE testing was conducted in accordance with the Army Corps of Engineers 

guidance EM 1110-1-4001 Soil Vapor Extraction and Bioventing, dated June 2002.  The 

extraction well installation procedures, testing parameters, data collection methods, and 

results are provided in the following sections.  

 

3.1 PILOT TEST WELL AND EQUIPMENT INSTALLATION 

 

One vapor extraction well (HSVE-1) was installed in the immediate vicinity of existing 

vapor extraction well VCB-1.  The new extraction well was constructed to extract 

air/vapors from the cohesive materials that comprise the upper approximate 20 feet of 

soil.  Existing monitoring probes (previously installed to measure ROI from VCB-1) 

were utilized to measure subsurface airflow conditions and vacuum responses generated 

at radial distances of 18, 25, 50, 75, and 100 feet from the new extraction well.  The 

locations of the new extraction well and monitoring probes are provided in Figure 1. 

 

Extraction well HSVE-1 was constructed of 4-inch inside diameter (ID), stainless steel 

well screen with steel riser pipe.  The screen consists of 10 feet of 0.020-inch slotted 

openings situated to intersect the vadose zone soils from 7 to 17 feet below surface grade 

(bsg).  The well log and the well completion report for HSVE-1 are provided in 

Appendix A-1.  The well depth and screening interval was determined based on the 
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completion log information from VCB-1 and the completion log information for the 

vapor monitoring probes installed near VCB-1 for use during earlier VCS evaluation 

activities.  It was the intent of the well construction to have the screen placement be at or 

near the interface between the overlying fine grain materials and the sand unit at this 

location.  This would reduce the potential for water entrainment, while allowing 

connection to the sand zone for vacuum extraction.   

     

The monitoring probes consist of 1-inch ID, Schedule 40, polyvinyl chloride (PVC) pipe 

with 0.010-inch screen.  The monitoring probes exist in “nests” at select radial distances 

from the extraction well.  Each nest consisted of two distinct subsurface monitoring 

points (screened intervals) within the subsurface soils.  The purpose of the probe nests 

was to measure vacuum (subsurface airflow) at two distinct units across the subsurface.  

The screened intervals of the probes were situated to correspond with the deeper (sand) 

unit and shallower (fine-grained cohesive clays/silts) unsaturated portions of the 

subsurface.   

 

The shallow probes (6S, 7S, 8S, and 9S) were constructed with screened intervals 

between 5 to 10 feet bsg.  Screened intervals for the deep probes (6D, 7D, 8D, and 9D) 

were between 17 to 27 feet bsg. 

 

Copies of the construction logs for VCB-1 and vapor monitoring probes MP-6S and 

MP-6D (closest probes to HSVE-1) are provided in Appendix A-2. 

 

The test was conducted using a mobile skid-mounted SVE module that included a 

7.5 horsepower (hp) explosion-proof motor with a three-phase sealed regenerative blower 

capable of achieving 200 cubic feet per minute (cfm) at 40 inches of water column 

(W.C.). The performance specifications and curve for the blower are provided in 

Appendix B.  The SVE module included a 50-gallon water trap/knock out with 

demister/filter, an exhaust silencer, and a manual ADV.  The ADV controlled flow 
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rates/vacuums at the extraction well and provided for manual control of the process vapor 

concentrations by introducing ambient air into the air stream.  Additional process control 

features such as float switches, flow gauges, and vacuum relief valves were also 

integrated within the SVE module to optimize blower performance. 

 

The SVE module was situated adjacent to extraction well HSVE-1.  The top of the 

extraction well was connected to the inlet of the SVE module using 4-inch ID, Schedule 

40 PVC pipe, and threaded couplings.  A pitot tube was inserted along a straight section 

of the SVE inlet pipe to measure airflow from the extraction well during the pilot test.  

An air sampling port and air stream temperature gauge were also inserted into the 

extraction well inlet piping to monitor volatile organic compound (VOC) concentrations 

and air temperatures of the influent air stream.  The SVE exhaust was routed through a 

5,000-pound granular activated carbon (GAC) vessel using 4-inch ID, Schedule 40 PVC 

pipe, and flanged fittings.  The carbon vessel was utilized to remove VOCs from the 

exhaust air stream prior to discharge to the atmosphere.  A pitot tube, temperature gauge, 

and sampling port were also inserted along a straight section of the exhaust discharge 

pipe to measure flow rate, temperature, and VOC concentration of the effluent air stream, 

respectively.  Figure 2 shows a generalized schematic of the SVE pilot test set up. 

 

3.2 PILOT TEST OPERATION 

 

The SVE pilot test was conducted as a step test for a period of 14 hours.  Prior to the test 

initiation, the SVE module was operated with the ADV completely open to evaluate the 

operation of the equipment and perform any necessary maintenance prior to initiating the 

test.  During this time, all flow, pressure, and temperature gauges were calibrated.  In 

addition, prior to initiation of the pilot test, the valve to VCB-1 was closed so the existing 

VCS did not influence the pilot test. 
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In order to establish baseline subsurface pressure data, pressure readings were collected 

from all of the subsurface vacuum monitoring probes prior to start of the test.  None of 

the vacuum monitoring probes exhibited pressure readings above/below 0.0 inches of 

W.C.  

 

The pilot test was conducted as a step test with extraction well flow rates of 50 cfm, 

75 cfm (low vacuum), 100 cfm, and 75 cfm (high vacuum).  The first three-step tests 

were conducted with the ADV partially open to allow for control of flow and vacuum at 

the extraction well.  The ADV was incrementally closed at each of the step tests to allow 

for greater flow and vacuum at the extraction well.  The high vacuum 75 cfm test was 

conducted with the ADV fully closed.  Each step consisted of inducing different vacuum 

levels at the extraction well in order to measure the SVE module operating parameters, 

VOC removal effectiveness, and various airflow parameters under select flow conditions. 

The operating parameters of the SVE module and field test parameters measured during 

the baseline and step tests are discussed in Section 3.3. 

   

Each step (flow rate) was conducted for a period of between 1 to 5 hours to maximize 

data collection at each rate.  During this period, ROI (vacuum response) measurements 

were recorded at each multi-port monitoring probe until readings stabilized.  In addition, 

air samples were collected from the influent air stream (well head prior to air dilution) 

and the exhaust air stream (post carbon adsorption vessel) using 1-liter tedlar bags.  

Tedlar bag samples were screened with a photoionization detector (PID) to monitor total 

VOC concentration within each air stream.  At this same time, influent airflow rates, 

exhaust airflow rates, and well head vacuum readings were recorded.  Near the middle of 

each step and at the end of each step, an air sample was collected from the influent air 

stream (well head prior to air dilution) using laboratory pre-evacuated 6-liter summa 

canisters.  In addition, a single air sample (summa canister) was collected from the 

exhaust (post carbon) of the SVE module at the completion of the test to document the 

removal capacity of the carbon at the end of the test.  The summa canisters were 
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submitted to Columbia Analytical, Inc. (Columbia Analytical) in Simi Valley, California 

for United States Environmental Protection Agency (USEPA) Method TO-3 (total 

petroleum hydrocarbons [TPH] as gasoline). 

 

The test was completed on January 14, 2004.  All equipment and process piping used 

during the test was disassembled and decontaminated prior to leaving the Site.        

 

3.3 DATA COLLECTION 

 

The operating parameters of the SVE module and select field test parameters were 

measured at regular intervals during the pilot test.  During each step test, SVE parameters 

were recorded regularly.   

 

The operating parameters of the SVE module and the field test parameters measured 

during the pilot test are listed below: 

 

• Airflow rate and vacuum at the extraction well. 
• Relative organic vapor concentration of the influent air stream (prior to air dilution). 
• Airflow rate of the exhaust air stream (post carbon adsorber). 
• Relative organic vapor concentration of the exhaust (post carbon adsorber). 
• Vacuum response at each monitoring probe. 

 

The airflow rate at the SVE well was measured to determine the subsurface airflow 

conditions at the extraction well.  This velocity was measured using a pitot tube 

connected to a Magnehelic gauge to measure differential pressure.  The airflow velocity 

was then converted to a standard airflow rate based on the cross-sectional area of the 

process pipe and a standard air density of 0.075 lbs/ft3.   

 

The vacuum, total (exhaust) airflow rate, and exhaust temperature at the SVE unit were 

measured to determine the performance of the blower relative to the subsurface soils and 
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extraction well design, the airflow loss between the extraction well and inlet of the SVE 

unit, and the overall operating system performance.  The airflow velocity of the exhaust 

air stream was measured using a pitot tube connected to a Magnehelic gauge to measure 

differential pressure (as previously described with the influent airflow rate).  The vacuum 

was measured directly using a vacuum gauge tapped into the water trap (post ADV) of 

the SVE unit.   

 

The vacuum response was measured at each vapor monitoring probe to determine the 

vacuum distribution or ROI of the extraction well.  The vacuum levels were measured 

using Magnehelic negative pressure gauges attached to the top of each monitoring probe 

with a quick-connect air lock fitting.  The accuracy of the vacuum gauges is 

approximately ± 0.02 inches of W.C. 

 

Air samples were collected from the influent air stream (prior to air dilution) and the 

exhaust air stream (post carbon adsorber) to monitor the influent VOC concentrations and 

measure the efficiency of the activated carbon to adsorb VOCs from the air stream.  The 

air samples were collected using tedlar bags and pre-evacuated 6-liter summa canisters as 

described in Section 3.2.  The summa canisters were submitted to Columbia Analytical 

for total organic analysis using USEPA Method TO-3 (total petroleum hydrocarbons as 

gasoline).  Laboratory analytical reports for the summa canister air samples are included 

in Appendix C.   

 

3.4 SVE PILOT TEST RESULTS 

 

Performance data collected from the SVE module, field test measurements, and analytical 

results of the air samples were evaluated after the completion of the pilot test.  The data 

generated during the pilot test provided a basis of comparison between an existing VCBs 

and a newly installed VCB. The removal rate of the VOCs measured during the pilot test 
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provided potential removal efficiency of the compounds from the subsurface and 

emission rates from a single extraction well. 

 

3.4.1 Air Flow Rate and Vacuum 

 

Airflow rates and vacuums measured at the extraction well ranged from 50 cfm, 75 cfm, 

and 100 cfm, with 10, 27, and 43 inches W.C., respectively.  An additional step test was 

conducted with a wellhead flow rate of 75 cfm and a higher vacuum of 94 inches of W.C. 

Airflow rates and vacuum levels measured during each step test are summarized in 

Table 2. 

 

Neither groundwater nor water vapors were entrained by the SVE system during the pilot 

test.  Groundwater or free product was not detected in the pilot test well before or after 

testing. 

 

3.4.2 Vacuum Response and Radius of Influence (ROI) 

 

The vacuum response at each multi-port monitoring probe was recorded to determine the 

vacuum distribution in the subsurface soils and ROI under various test conditions.  The 

effective ROI is defined in the literature as the distance at which air is advectively drawn 

towards the extraction well at a rate that will effectively remove contaminants from the 

soil.  The steady-state vacuum response measurements at the multi-port monitoring 

probes under the various test conditions are listed in Table 3.   

 

Vacuum readings (≥ 0.1 in. W.C.) were detected at all deep monitoring probes locations 

(screened in the sand) at extraction well flow rates of 50 scfm and greater (well head 

vacuums of 9.5 inches W.C. and greater).  Extraction well flow rates from 25 to 50 cfm 

(5 to 10 inches W.C.) generated vacuum readings greater than 0.1 inches W.C. at the 20 

and 50 foot monitoring probe locations (screened in the sand unit).  A graphic illustration 



 
 
 

SVE Pilot Test Report 
The Hartford Working Group 
15-03095.13rb002 / 3/4/2004 /MMN/JMF 

 
3-8 

 

 

of ROI readings at select extraction well flow rates and vacuums are provided in Figures 

3 and 4.   

 

The shallow monitoring probes screened in the fine-grained cohesive materials (silty 

clays/clayey silts immediately above the sand unit) registered 0.0 inches of W.C. 

throughout the tests, with the exception of the monitoring probe closest (~18 feet) to the 

extraction well.  This information suggests the cohesive nature of these materials limits 

airflow and does not allow an effective ROI within these materials beyond 18 to 20 feet.  

These data suggest the preferred pathway for airflow within the subsurface appears to be 

within the sandy materials that exist immediately above the water table.  In addition, 

these data provide evidence that the overlying fine-grained materials are an effective 

natural barrier to short-circuit air through the surface.  

 

3.4.3 Air Sample Analytical Results 

 

To quantify the removal of specific VOCs from the soils during the pilot test, and to 

ensure carbon adsorber removal efficiencies, air samples were collected from the influent 

air stream (prior to air dilution) and exhaust airstream (post carbon adsorber) using 

summa canisters as discussed in Section 3.3.  The analytical results of the air samples are 

summarized in Table 2.  A copy of the laboratory analytical report is included in 

Appendix C. 

 

3.4.4 Hydrocarbon Extraction Rates 

 

The removal rate of TPH (in lbs TPH/day) during the SVE-1S pilot test was calculated 

from the TPH concentration (mg/m3) detected in each inlet air stream sample (Summa 

canister sample).   

 

The TPH removal rate (in lbs/day) was determined using the following calculation: 
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Rr = Cv x Qs (where Cv is the known concentration TPH and Qs is the 
measured influent air stream flow rate) 
 
To calculate the removal rate (Rr) in lbs/day, the concentration was 
converted to lbs/L and the flow rate converted to L/day.  The conversions 
were as follows: 
 
Cv(lbs/L) = Cv(mg/L) x kg/1,000,000mg x 2.205 lbs/kg 

 
 

and 
 
Qs(L/day) = Qs(ft3/min) x 60 min/hr x 24 hr/day x 28.317 L/ft3  

 

Using the above-referenced calculations and the influent air stream Summa canister 

laboratory analytical results, the TPH removal rate in lbs/day is as follows: 

 

Rr (at 50 cfm) = ~26 lbs TPH/day or 1.1 lbs/hr 
 
Rr (at 75 cfm) = ~378 lbs TPH/day or 16 lbs/hr 
 
Rr (at 100 cfm) = ~503 lbs TPH/day or 21 lbs/hr 
 
Rr (at 75 cfm –high vacuum greatest ROI) = ~526 lbs TPH/day or 22 lbs/hr 

 

Hand calculations of the TPH removal rates in lbs/day are presented in Appendix D. 

 

Historical data from an air sample collected from the TTU in July 2003 identifies that the 

removal rate for the entire TTU (all 12 VCBs) was approximately 60 lbs/day or 2.5 

lbs/hr. To determine the potential hydrocarbon removal rate for 12 new VCBs, the single 

well data could be extrapolated to include 12 new wells by simply multiplying the results 

from the high vacuum 75 cfm test (526 lbs/day) by 12 to get a total of 6,312 lbs/day or 

263 lbs/hr).  This represents a TPH (as gasoline) recovery rate increase greater than 100 

times of that with the existing wells.  
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4.0 SUMMARY OF RESULTS 

 

Evaluation of the SVE pilot test data generated the following conclusions: 

 

• The well screens of the existing VCBs are limiting the effective ROI within the 
subsurface.  The existing VCB-1 has an effective ROI of approximately 20 feet.  The 
new extraction well had an effective ROI beyond the furthest vacuum monitoring 
point of 100 feet.  Extrapolation of the ROI data beyond this point shows an 
estimated effective ROI between 150 to 200 feet for the new extraction well. 

 
• The new extraction well exhibited lower vacuums than the existing VCBs with 

similar flows.  The elevated vacuums at the VCBs require ambient air dilution to 
prevent VCS shutdown. The addition of ambient air further reduces the effective ROI 
of the VCBs. 

 
• Groundwater or free product was not detected in the new extraction well after testing, 

and neither groundwater nor water vapors were entrained by the SVE system during 
the test.  New SVE wells set above the water table are not expected to experience 
reduced effectiveness due to lifting of the water/hydrocarbon level above the well 
screen or native sand units. 

 
• The shallow fine-grained materials between 0 to 20 feet bsg do not appear conducive 

to SVE technology.  The cohesive nature of these materials limits airflow above 20 
feet bsg and does not allow an effective ROI within these materials beyond 18 feet.  
The preferred pathway for airflow within the subsurface appears to be within the dry 
sandy materials that exist immediately above the water table.  These sandy materials 
yielded effective extrapolated ROIs of approximately 150 to 200 feet.  

 
• Historical data from an air sample collected from the TTU in July 2003 identifies that 

the removal rate for the entire TTU (all 12 VCBs) was approximately 60 lbs/day or 
2.5 lbs/hr.  To determine the potential hydrocarbon removal rate for 12 new VCBs, 
the single well data could be extrapolated to include 12 new wells by simply 
multiplying the results from the high vacuum 75 cfm test (526 lbs/day) by 12 to get a 
total of 6,312 lbs/day or 263 lbs/hr.  This represents a TPH (as gasoline) recovery rate 
increase greater than 100 times of that with the existing wells. 
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5.0 EVALUATION OF OPTIONS/RECOMMENDATIONS 

 

5.1 EVALUATION OF OPTIONS 

 

The SVE pilot test results indicate that the existing VCBs are not able to produce 

adequate flow and radius of influence on the main sand unit where free-phase 

hydrocarbons are present.   

 

The test results also indicate that the VCS could be optimized through the replacement of 

the existing VCBs in order to provide more vacuum influence, as well as an increase in 

the removal rate of hydrocarbons.  Replacement of the existing VCBs (with new wells 

located within approximately 5 feet of the existing VCBs) is expected to increase 

performance of the existing vapor control system.  However, the increased efficiency of 

the wells is expected to have an impact on other components of the system.  Those 

impacts are summarized below: 

 

• The increased efficiency at the new wells is expected to also increase the mass of 
hydrocarbons that will require treatment through the TTU. The current TTU should 
be able to handle the additional loading.  However, it lacks datalogging and alarm 
telemetry, is not adequately winterized, is at least 12 years old, and the operational 
costs (i.e. natural gas) are higher than other available technologies.  A cost-benefit 
analysis between upgrading the existing TTU and providing a new thermal treatment 
unit will be conducted during design of the VCS upgrade. 

 
• The replacement wells will be installed above the current groundwater elevation in 

the sand to reduce the potential for water entrainment in the system.  However, the 
wells are still expected to produce humid air from the sand layer where it will be 
extracting air.  The long runs of piping to the blowers and treatment will allow this 
humid air to condense some of its water.  If not removed from the system, this 
condensed water entrained in the system will become trapped in the detonation flame 
arrestor elements and could go on to damage the blower and/or TTU.   

 
The current water removal tanks (buried belowground) are no longer operational and 
are not able to “knockout” this entrained water.  Therefore, a new in-line water/water 
vapor knock-out pot (with demister pad) will be required between the VCB network 
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and the blower to eliminate this concern.  This will allow for automated removal of 
entrained water and eliminate the potential for impairment of the arrestor elements 
and damaging the blower and/or TTU. 

   
• As with the TTU, a cost/benefit analysis will be required for the existing vacuum 

blowers.  Currently, one blower is operational with the other not operable.  A review 
of the existing blower(s) performance and reliability compared with the installation of 
a new system will be evaluated during the design. 

 

Expansion of the VCS system to other affected parts of the Village of Hartford is being 

evaluated.  Insufficient information regarding the extent of the free-phase hydrocarbon 

(FPH) plume and the subsurface geology currently exists.  As data becomes available 

from the Rapid Optical Screening Tool (ROST) investigation and subsequent verification 

investigations with monitoring wells, it will be evaluated in regard to potential expansion 

of the VCS. 

 

5.2 RECOMMENDATIONS 

 

Based on the conclusions of this report, the following recommendations have been 

developed for upgrading the VCS: 

 

1. Prepare a work plan outlining the activities to be completed as part of the design and 
implementation of the VCS system upgrade.  This will include the recommended 
design approach for use of existing system components (with upgrades) or new 
equipment, replacement wells, and conceptual approach for system datalogging and 
telemetry.  A schedule for completion of the design, construction and expected 
startup of the upgraded system will also be included in this work plan. 

 
2. Develop a design detailing the well replacement methods and locations, equipment 

upgrades or replacement, and prepare an operations and maintenance manual.  In 
addition, any permit modifications or new permitting necessary will be completed. 

 
3. Implement the replacement of the VCBs, upgrade or replacement of system 

components and restart the VCS. 
 



 
 
 

SVE Pilot Test Report 
The Hartford Working Group 
15-03095.13rb002 / 3/4/2004 /MMN/JMF 

 
5-3 

 

 

4. Evaluate ROST and other data that becomes available in regard to expansion of the 
VCS either as an interim measure or as part of the final remedy designed for the 
Village of Hartford. 
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6.0 VCS UPGRADE WORK PLAN 

 

This work plan has been developed and included in this report based on the 

recommendation presented in Section 5.0.  The Hartford Working Group (HWG) plans to 

proceed with the upgrade of the existing VCS and evaluate the need for expansion of the 

system to include other areas of the Village of Hartford not within the expected influence 

of the upgraded system.  The following sections describe the approach to the VCS system 

upgrade/expansion evaluation, as well as provide an estimated schedule for the planned 

activities. 

 

6.1 APPROACH 

 

6.1.1 VCS System Upgrade 

 

The system upgrade will begin with development of design drawings and specifications 

for the system upgrade to be used for contractor solicitation and construction oversight.  

The upgrade will include the installation and connection of a new extraction well at each 

VCB location, upgrade of the existing TTU, and installation of a water knockout system. 

 

At the same time the design drawings and specifications are being developed, an 

evaluation of alternative treatment systems and blower/water removal systems will be 

conducted.  Age of the equipment and not knowing whether the existing TTU can handle 

the added hydrocarbon load from the new well are factors that will be evaluated in 

comparison to new system equipment. 

 

Once the design drawings and specifications are complete, new equipment (if deemed 

appropriate) will be procured.  At the same time, contractors for the upgrade construction 

activities will be solicited and contracted to begin with the installation of the new wells. 



 
 
 

SVE Pilot Test Report 
The Hartford Working Group 
15-03095.13rb002 / 3/4/2004 /MMN/JMF 

 
6-2 

 

 

The new wells will be constructed first and connected to the current VCB wells in order 

to facilitate quicker installation.  The existing VCB connection to the blowers and 

treatment system will be utilized for the new wells.  Flow from the existing wells will be 

eliminated by pumping grout into the wells up to the depth of the existing transfer piping. 

To facilitate safe operation of the VCS during construction, several VCBs will be isolated 

with blind flanges in the control vaults where the control valves are located.  In this way, 

parts of the system can remain operational during the construction. 

 

At the same time the new extraction wells are installed, at least two new vapor 

monitoring probes will be installed at the same depth as the extraction well.  These 

probes will be used going forward to monitor the influence of each new well; and 

therefore, the system effectiveness. 

 

Since it is unknown whether the current TTU can handle the additional hydrocarbon 

loading, the new wells will have their valves closed and the system will continue to 

operate through the existing VCBs during construction.  Prior to any equipment 

upgrades, the current TTU can be tested by opening the new wells to determine if 

additional loading can be handled.  The existing VCBs would not be grouted until it can 

be determined that the existing TTU can handle the additional loading or any new 

equipment is installed and operational.  It is hoped that some additional hydrocarbon 

extraction from the new wells can be accomplished with the existing TTU, while 

additional system upgrades and/or new equipment is brought online. 

 

The VCS upgrade will also include the addition of electronic monitoring and telemetry 

for the system in order to monitor system performance and provide for notification of 

alarm conditions requiring corrective action.  In addition, more operational data will be 

available to evaluate the system’s long-term performance. 
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6.1.2 Expansion Evaluation 

 

Data from the SVE pilot test and the free-product hydrocarbon investigation activities 

will be used to determine if areas with vapors are not within the influence of the current 

VCS system.  In addition, data from the Vapor Migration Pathway Assessment will be 

considered when evaluating the potential for system expansion.  The results of this 

evaluation will be presented to the Agencies in the form of a technical memorandum 

along with any recommendations. 

 

6.2 SCHEDULE 

 

A proposed schedule has been developed for the VCS upgrade and expansion evaluation 

(see Figure 5). The HWG has begun the design activities related to the existing system 

upgrade following review and approval of the above work plan by the Agencies.  

Concurrent with the design activities, an evaluation of the existing blowers and thermal 

treatment unit will be conducted in order to decide if it would be more cost-effective to 

install new equipment or to just upgrade the existing equipment.   

 

Construction contingency of one month has been added to the system upgrade schedule at 

this point since the final design has not been completed.  It is believed that this is a 

reasonable schedule assuming that the system equipment would require replacement.  In 

the event that some upgrades are only necessary, it may be possible to tighten the 

schedule to obtain completion earlier.   

 

Concurrent with the VCS system upgrade activities, the HWG will begin evaluation for 

the potential to expand the system to include other areas of the Village of Hartford.  The 

evaluation activities will be completed prior to the schedule VCS upgrade.  If expansion 

is deemed appropriate, design activities can begin immediately upon approval of the 
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conceptual approach by the Agencies.  At that time, the schedule would be updated to 

include any system expansion activities.   
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APPENDIX  A-1 
 

HSVE-1 WELL LOG AND COMPLETION REPORT 
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APPENDIX  A-2 
 

VCB-1, MP-6S, AND MP-6D WELL LOGS
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APPENDIX  B 
 
 

SVE PILOT TEST BLOWER SPECIFICATIONS 
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APPENDIX  C 
 
 

AIR SAMPLE ANALYTICAL REPORT 
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